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INTRODUCTION: Productivity of the dry bean crop is low in the humid tropical environments 
of southeastern Mexico, due in large part to the effect of different biotic and abiotic factors 
which reduce grain yield. The most important abiotic factor is the presence of terminal drought 
that occurs frequently after flowering, during pod filling stages and physiological maturity 
(Acosta-Gallegos et al., 1998), particularly in the crop season with residual moisture, which 
restrict yield and cause partial and severe losses in commercial crops. The development of 
improved varieties with resistance to this environmental factor is a viable alternative to increase 
yields of beans under conditions of water stress (Frahm et al., 2003). The objective of this study 
was to field test recombinant inbred Mesoamerican black dry bean lines for their resistance 
and/or adaptation to terminal drought and high plant relative yield efficiency grown under non-
stress and water stress conditions in tropical southeastern Mexico. 
MATERIALS AND METHODS: A dry black dry bean nursery was set up and included 50 
recombinant inbred lines derived from three crosses: Jamapa Plus/RAV, Negro Citlali/RAV and 
Negro Papaloapan/SEN 46 and cultivars Negro Comapa, Negro Tacana and Negro Grijalva were 
used as regional checks. Field experiments were planted under water stress a non-stress 
conditions the 12th of February, 2016 during the Winter-Spring (January-May) dry season. Two 
identical bean nurseries were used, each one included a single row of each of 50 breeding lines 
sown in plots 5.0 m long and 0.80 m rows; the three check cultivars were planted every 10 
breeding lines giving a total of 68 rows arranged in two blocks. Water control was provided by 
furrow irrigation applied at pre-sowing, 23, 30, 43, 56 and 65 days after planting (DAP) for the 
non-stress condition, while the water stress condition (terminal drought) included just the pre-
sowing and two more irrigations, 23 and 30 (DAP). Samples of soil cores were taken at different 
soil depths (0-40 cm) every week to reveal soil water content during the growing cycle in both 
conditions. The testing of the breeding nursery was undertaken using the reduction of seed yield, 
the drought susceptibility index (Fischer and Maurer,1978) and the plant relative yield efficiency 
(Graham, 1984) index for each line. 
RESULTS AND DISCUSSION: In this study the Drought Intensity Index obtained was high 
(DII = 0.73), as a result the average yields under drought stress conditions were generally low 
(316 kg ha-1) in comparison to non-stress (1156 kg ha-1). Results for this field test indicated that 
among the three breeding populations, Jamapa Plus/RAV had higher seed yield and less yield 
reduction (48%) in comparison to the other two populations and all three check cultivars (Table 
1); its DSI=1.18 was also higher than 1.0 which indicates low drought tolerance; however, it had 
a higher relative efficiency index (REI=2.67) than the rest of the genotypes but similar to Negro 
Grijalva (REI=2.61) check cultivar (Table 2). DSI among the 50 breeding lines ranged from DSI 
= 0.22 (Negro Citlali/RAV-187-3-7-2) to DSI = 1.36 (Negro Citlali/RAV-187-3-2-2) with up to 
DSI = 1.11 for all cultivar checks. Plant relative efficiency index among recombinant inbred 
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lines fluctuated from REI = 0.03 to REI = 4.18 and Negro Grijalva check cultivar presented a 
REI = 2.61. A group of nine recombinant inbred lines was identified as to have less yield 
reduction than check cultivars, a DSI < 1.0 and high relative efficiency index, this included three 
from the Jamapa Plus/RAV cross, four from Negro Citlali/RAV and two more from 
Papaloapan/SEN 46 cross (Table 2). Soil water content in both conditions, non-stress and water 
stress, was similar during the first 30 (DAP). After this period, the moisture content in the bean 
nursery with water stress was significantly reduced so that in less than 10 days it had exceeded 
the maximum permissible abatement limit (p = 0.45 - 0.50) for the bean crop (Allen et al., 2006). 
The continuous depletion of soil moisture had a linear tendency during the following 8 to 11 
days (data not shown) until reaching the permanent wilting point, this reveals that bean plants 
were under severe water stress from flowering to maturity in the water stress condition. 
 
Table 1. Seed yield and drought stress indexes of three bean breeding populations grown under non-stress and 
terminal water stress field conditions in Veracruz, Mexico. Winter-Spring, 2016 season. 
Population Non-stress (kg ha-1) Water stress (kg ha-1) Reduction (%) DSI& REI* 
Papaloapan/SEN 46 1082 231 78 1.08 0.73 
Negro Citlali/RAV 1149 414 64 0.89 1.47 
Jamapa Plus/RAV 1364 696 48 0.66 2.67 
Average 1156 316 73 1.00 1.12 
&Drought susceptibility index. * Relative efficiency index. 
 
Table 2. Agronomic characteristics, seed yield and drought tolerance indices of recombinant inbred bean lines 
identified for their response to terminal drought conditions in Veracruz, Mexico. Winter-Spring, 2016 season. 
Breeding line/cultivar DF
§ 
(d) 
PM£ 
(d) 
Non-stress 
(kg ha-1) 
Water stress 
(kg ha-1) 
Reduction 
(%) DSI
& REI* 
Jamapa Plus/RAV-3-1-8 36 66 1861 822 55.8 0.77 4.18 
NegroCitlali/RAV-187-3-14-7 36 68 1561 917 41.3 0.57 3.91 
Negro Citlali/RAV-187-3-1-6 39 70 1417 857 39.5 0.54 3.32 
Jamapa Plus/RAV-3-1-2 34 66 1306 861 34.0 0.47 3.08 
NegroCitlali/RAV-187-3-16-7 36 68 1722 583 66.1 0.91 2.75 
Jamapa Plus/RAV-3-4-4   36 70 1122 728 35.1 0.48 2.23 
Papaloapan/SEN 46-6-6 40 77 1317 583 55.7 0.77 2.10 
NegroCitlali/RAV-187-3-14-6 36 73 1128 672 40.4 0.56 2.07 
Papaloapan/SEN 46-3-7 36 70 1289 500 61.2 0.84 1.76 
Negro Comapa** 39 74 1832 408 77.7 1.58 2.04 
Negro Grijalva**  40 74 1949 489 74.9 1.69 2.61 
Negro Tacaná** 41 71 1775 344 80.6 1.54 1.67 
Average 38 74 1156 316 72.6 1.00 1.10 
Standard deviation  1.9 2.4   494 334 19.1 0.26 1.04 
§Days to flower, £Physiological maturity, &Drought susceptibility index. *Relative efficiency index. **Cultivar checks. 
 
CONCLUSIONS: Breeding lines Jamapa Plus/RAV-3-1-2, Jamapa Plus/RAV-3-4-4, Negro Citlali/ 
RAV-187-3-14-6, Negro Citlali/RAV-187-3-1-6 and Negro Citlali/RAV-187-3-14-7 were the most 
tolerant to terminal drought based on low yield reduction and a DSI < 1.0; the last two lines together with 
Jamapa Plus/RAV-3-1-8 also had the highest relative productive efficiency index (REI > 4.18). 
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